Background: Heavy metals that normally cause problems are mercury (HgCl 2 ) and lead acetate (LA). Chelating and inhibitor agents are the target to treat and overcome metal toxicity. The current study has been carried out to evaluate the protective effects of N-acetyl cysteine (NAC) and meso 2,3 dimercaptosuccinic acid (DMSA) against HgCl 2 and LA toxicity. Materials and Methods: Ninety male Wistar rats were divided into nine equal groups. The groups were administered NAC and/or DMSA in presence or absence of LA (LA; 0.2% in drinking water) or HgCl 2 (2 mg/kg BW) for 2 consecutive months. Serum and organs were collected for biochemical, genetic and histopathological changes. Results: Biochemical results revealed that LA and HgCl 2 significantly increased the levels of liver and kidney biomarkers. Administration of NAC and DMSA considerably improved these altered changes. LA and HgCl 2 decreased serum levels of antioxidants and were ameliorated in NAC and DMSA administered rats. LA and HgCl 2 administration upregulated expression of IL-1β and IL-8 that were normalized by NAC and DMSA. Kidneys of LA and HgCl 2 groups showed intraluminal hyaline casts. Kidneys of DMSA-administrated rats showed mild hydropic degeneration of renal tubular epithelium in LA and HgCl 2 groups. Kidneys of NAC administrated rats showed atrophy of capillary tufts. Kidneys of LA and HgCl 2 administered rats which received DMSA and NAC showed normal glomerular structure. Liver histopathology showed sever changes that were ameliorated by NAC and DMSA. Conclusion: Taken together, usage of NAC and DMSA provide significant protection against LA and HgCl 2 -induced hepatotoxicity and nephrotoxicity in male Wistar rats.
Introduction
Metal toxicity occurs because of essential metal overload or exposure to heavy metals from different sources. Most metals are capable of forming covalent bonds with carbon, forming metal-organic compounds. Metals and metal compounds interfere with functions of varied organ such as central nervous system, liver, kidneys and heart (Swaran & Vidhu, 2010) . Metal poisoning may be acute, sub-acute or chronic. Typically, acute poisoning is well defined with serious and fast manifestations that will be recovered by immediate medical attention. Moreover, the chronic toxicities are also reversible or irreversible inflicting development of symptoms like cancer or teratogenesis (Swaran & Vidhu, 2010) .
The most common types of toxicity in humans are lead and mercury toxicity. Children are more vulnerable to lead exposure than adults because of the frequency of hand-to-mouth activity, and a higher rate of intestinal absorption and retention. Blood lead has been reported to impair normal metabolic pathways in children at very low levels RNA extraction, cDNA synthesis and PCR analysis RNA from liver and kidney tissues (50 mg per sample) was extracted based on protocol designed by Soliman et al (2015) . Tissue samples were homogenized in polytron (Brinkman Instruments, Westbury, NY) in 1 ml Qiazol (Valencia, CA, USA). Using chloroform and isopropanol, RNA was pelleted, then washed with 70% ethanol then dried and dissolved in Diethylpyrocarbonate (DEPC) water. RNA purity and concentration were calculated spectrophotometrically at 260/280 nm. For reverse transcription, a mixture of 2 µg total RNA and 0.5 ng oligo dT primer were incubated in 11 µl sterilized DEPC water and run in the PeX 0.5 thermal Cycler at 70°C for 5 min for early denaturation. Using 5X RT-buffer (4 µl), 10 mM dNTPs (2 µl) and 100 U Moloney Murine Leukemia Virus (M-MuLV) Reverse Transcriptase in a total volume of 20 µl, reverse transcription was carried. To complete reverse transcription, the mixture was re-incubated in the thermal Cycler at 37°C for 1h, then at 90°C for 10 min. Specific primers for used genes were designed using Oligo-4 computer program, synthesized and ordered by Macrogen (Macrogen Company, GAsa-dong, and Geumcheon-gu. Korea). PCR was conducted as stated in table 1, using specific primers, 1 ul cDNA as template and 12.5 µl PCR master mix (Promega Corporation, Madison, WI). The volume was adjusted to 25 µl using sterilized, deionized water. The cycle sequence of PCR reaction was carried out at 95 °C for 4 minutes one cycle, 28 cycles consisted of initial denaturation at 95 °C for a minute, annealing at the specific temperature (table1) and extension at 72 °C for a minute. Reaction was fulfilled with additional final extension at 72 °C for 7 minutes. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) mRNA was used as a reference for PCR quality and integrity. PCR products were run on 1.5% agarose (Bio Basic Inc., Markham, ON, Canada) in gel marked with ethidium bromide in TBE (Tris-Borate-EDTA) buffer. PCR products were detected using UV light and photographed using gel documentation system (Gel Doc-It Imaging system; UVP, LLC, Upland, CA, USA). The intensity of bands was quantified densitometrically using ImageJ software version 1.47 http://imagej.en.softonic.com/).
Histopathological examination
Kidney and liver tissues samples were fixed in 10% NBF solution, washed in tap water, dehydrated through an upgraded series of ethanol, cleared by xylene and then embedded in paraffin. The paraffin-embedded samples were cut into 4 μm sections, which were then routinely stained with eosin and hematoxylin (Sigma-Aldrich, St. Louis, MO, USA) consistent with Bancroft and Gamble (2008) .
Statistical analysis
Results and data are expressed as means that ± S.E. for ten totally different rats per group. Statistical examination was done using ANOVA and Fischer's post hoc check, with p<0.05 being take into account as statistically significant. 
Results

Protective effects of NAC and DMSA on changes on Liver and Kidney Biomarkers
Lead acetate and mercuric chloride considerably amplified serum levels of hepatic transaminases (GPT and GOT), urea and creatinine. Administration of NAC and DMSA notably ameliorated changes in liver and kidney Table 2 ). Co-administration of NAC with DMSA showed slight additive restoring on altered biomarkers compared to NAC and DMSA effect alone ( Table 2) .
Protective effects of NAC and DMSA on changes in antioxidants levels induced by lead acetate and mercuric chloride toxicity
The serum levels of MD after lead acetate and mercuric chloride intoxication were significantly increased due to tissue destruction and decreased serum levels of GSH, catalase and SOD. Administration of NAC and DMSA notably improved the antioxidant activity and normalized it ( Table 3) .
NAC and DMSA Protective effects on changes in mRNA expression of antioxidants and acute phase proteins induced by lead acetate and mercuric chloride toxicity
As seen in figure 1, administration of LA and HgCl 2 induced down regulation in the mRNA expression of liver GST and SOD. NAC and DMSA administration showed amelioration in down regulated genes. Additive ameliorative effect and normalization in GST and SOD expression was reported in LA and HgCl 2 groups administered both NAc and DMSA ( Fig.1 ). Parallel to changes in antioxidants expression, both LA and HgCl 2 induced upregulation in mRNA expression of both α2-MG and α1-AGP (figure 2). Administration of NAC and DMSA prior to LA and HgCl2 counteracted this upregulation and normalized it. Co-administration of NAC and DMSA induced additive antiinflammatory and inhibitory effect for acute phase proteins expression. 
Protective effects of NAC and DMSA on histopathological changes in renal tissues induced by HgCl 2 and LA intoxication
Control rats showed normal glomerular structure with intact Bomans capsule and normal renal tubular structures (Fig. 5A ). Kidney of HgCl 2 -intoxicated rats showed eosinophilic intraluminal hyaline casts, hydropic degeneration of tubular epithelium with sever congestion of nephritic blood vessels and perivascular round cells infiltrations (Figs. 5B, C). HgCl 2 -intoxicated rats given DMSA showed delicate congestion of peri-glomerular blood vessel (Fig. 5D ). HgCl 2 -intoxicated rats given NAC showed normal renal tubules with atrophy of glomerular tufts (Fig.  5E ). HgCl 2 intoxicated rats given both NAC and DMSA showed normal glomerular structure with intact Bomans capsule and normal renal tubular structures (Fig. 5F ). LA-intoxicated rats showed intranuclear inclusion bodies in tubular epithelium, necrosis of tubular cells represented by pyknosis and karolysis, hydropic degeneration of tubular epithelium and periglomerular round cells infiltrations (Figs. 6 A-C). LA-intoxicated rats given DMSA-showed delicate periglomerular round cells infiltrations with mild hydropic degeneration of renal tubular epithelium (Fig. 6D ). LA-intoxicated rats given NAC showed normal renal tubules with mild hydropic degeneration of renal tubular epithelium (Fig. 6E ). Co-administration of DMSA and NAC for LA-administered rats showed normal glomerular structure with intact Bomans capsule and normal renal tubular structures (Fig. 6F ). H&E (bar=25μm). D) Kidney of lead-intoxicated rats given DMSA showed mild periglomerular round cells infiltrations (I) with mild hydropic degeneration of renal tubular epithelium (d): H&E (bar=25μm). E) Kidney of lead-intoxicated rats given NAC showed normal renal tubules with mild hydropic degeneration of renal tubular epithelium (d): H&E (bar=25μm). F) Kidney of lead-intoxicated rats given both DMSA and NAC showed normal glomerular structure (g) with intact Bomans capsule (bc) and normal renal tubular structures (t) (bar=25μm). Control rats showed normal glomerular structure (g) with intact Bomans capsule (bc) and normal renal tubular structures (t): H&E (bar=25μm). B) Kidney of HgCl 2 -intoxicated rats showed eosinophilic intraluminal hyaline casts (h) and hydropic degeneration of tubular epithelium (d): H&E (bar=25μm). C) Kidney of HgCl 2 -intoxicated rats showed sever congestion of renal blood vessels (arrows) and perivascular round cells infiltrations (I): H&E (bar=100μm). D) Kidney of HgCl 2 intoxicated given DMSA-administrated rats showed mild congestion of periglomerular blood vessel (arrow): H&E (bar=25μm). E) Kidney of HgCl 2 intoxicated rats given NAC-administrated rats showed normal renal tubules with atrophy of glomerular tufts (arrow): H&E (bar=25μm). F) Kidney of HgCl 2 intoxicated rats given co-administration of DMSA and NAC showed normal glomerular structure (g) with intact Bomans capsule (bc) and normal renal tubular structures (t) (bar=25μm).
Protective effects of NAC and DMSA on histopathological changes in hepatic tissues induced by HgCl 2 and LA intoxication
Liver of control rats showed normal architecture, with hepatic lobules around the central vein and every lobule consisting of hepatic cords of hepatocytes ( Fig. 7A ). HgCl 2 -intoxicated rats showed sever congestion of hepato-portal vessel and central vein, oval cell proliferation and hydropic degeneration of hepatocytes ( Fig. 7B, C) . HgCl 2intoxicated rats given DMSA-administrated rats showed hydropic degeneration of hepatocytes and gentle congestion of central vein: (Fig. 7D ). HgCl 2 -intoxicated rats given NAC-administrated rats showed normal hepatocytes with kupffer cell activation (Fig. 7E ). HgCl 2 -intoxicated rats co-administered each NAC and DMSA showed normal hepatocytes represented by hepatic cords with kupffer cell activation and really gentle congestion of hepatic sinusoids (Fig. 7F) . Liver sections of LA-intoxicated rats showed sever congestion of hepatoportal vessel, hyperplasia of epithelial lining bile duct, fibroplasias in portal tract and necrosis of hepatocytes (Fig. 8A) . LA intoxicated rats given DMSA, showed moderate congestion of central vein and hepatic sinusoids (Fig. 8B) . LA intoxicated rats given NAC, showed hydropic degeneration of hepatocytes (Fig. 8C) . LA intoxicated rats given both DMSA and NAC showed normal hepatocytes and central vein with cytoplasmic vacuolization of centrolobular hepatocytes (Fig. 8D ). H&E (bar=11.36μm) . B) Liver of mercury-intoxicated rats showed sever congestion o hepatoportal blood vessel (short arrow) and oval cell proliferation (long arrow): H&E (bar=11.35μm). C) Liver of mercury -intoxicated rats showed sever congestion o central vein (short arrow) and hydropic degeneration of hepatocytes (long arrow): H&E (bar=11.68μm). D) Liver of HgCl 2 intoxicated rats given DMSA-administrated rats showed hydropic degeneration of hepatocytes (arrows) and mild congestion of central vein: H&E (bar=11.67μm). E) Liver of HgCl 2 intoxicated rats given NAC showed normal hepatocytes with kupffer cell activation (arrows): H&E (bar=15.48μm). F) Liver of HgCl 2 intoxicated rats given DMSA and NAC showed normal hepatocytes (h) with kupffer cell activation (short arrow) and mild congestion of hepatic sinusoids (long arrow) (bar=14.83μm). H&E (bar=13.89μm) . B) Liver of lead-intoxicated rats given DMSA showed sever congestion of central vein (cv) and hepatic sinusoids (long arrow): H&E (bar=15.79μm). C) Liver of lead-intoxicated rats given NAC showed hydropic degeneration of hepatocytes (arrows): H&E (bar=11.67μm). D) Liver of lead-intoxicated rats given both DMSA and NAC showed normal hepatocytes and central vein (cv) with cytoplasmic vacuolization of centrolobular hepatocytes (arrows) (bar=13.57μm).
Discussion
The current study confirmed the protective effect of NAC and DMSA on biohazards induced by chronic toxicity of LA and HgCl2 at the biochemical, histopathological and genetic levels. Chronic LA and HgCl 2 intoxication showed (a) liver and kidney damage as indicated by increase liver and kidney biomarkers, decrease in antioxidant gene expression, upregulation in a α1-AGP and α2-MG expression, and changes in kidney and liver histopathology, (b) upregulation in IL-1β and IL-8. All were ameliorated by NAC and DMSA administration.
LA and HgCl 2 are very dangerous to human health and are the most toxic metals (Ercal et al., 2001) . Exposure to Pb is related to cancer, neurotoxicity, hepatotoxicity, and cardiovascular disorder (Kumar et al., 2013) . The method by which NAC and DMSA ameliorated Pb and HgCl 2 toxicity is not examined well till now. Possibly NAC and DMSA act as chelating agents to create a molecular complex and to prevent and therefore hinder their entry and gathering within the liver and renal tissues. As known, kidney is the major excretory and also the final organ of clearance for most of the xenobiotics. Furthermore, kidney is the most vulnerable organ to lead toxicity (Jarrar, 2003) . It is known that mercury can cause unplanned and occupational exposures and poisoning will created from inhalation, ingestion, and absorption through the skin (Ercal et al., 2001) . Oxidative stress, incredibly damage renal and hepatic activity. It causes degradation in proteins, lipids, and DNA (Halliwell & Gutteridge, 1990) . Like kidney, liver is one of the targets for lead and mercury; it reacts by increasing the activity of transaminases (Mehana et al., 2012; Agarwal et al., 2007) in acute intoxication. Here, in chronic study both LA and HgCl 2 attenuated antioxidants levels and expression and increased liver transaminases.
Liver and kidney damage, gastrointestinal diseases, and alterations in central nervous system, blood pressure and vitamin D metabolism occurred after exposure to LA and HgCl 2 (Ansari et al., 2013; Ahn et al., 2002) . Furthermore, antioxidants, plant extracts and chelating agents have the potential to inhibit these effects (Kumar et al., 2013; Jarrar, 2003; Mehana et al., 2012; Ekor et al., 2010) . Our findings showed that both NAC and DMSA ameliorated the decrease in serum and mRNA expression of antioxidants. These findings were confirmed in previous reports for both LA and HgCl 2 using curcumin and selenium, respectively (Agarwal et al., 2007; Ahn et al., 2002; Abu El-Saad et al., 2016) . NAC interacts most powerfully with the free radicals, it exerts an indirect effect on antioxidant status, since it restores catalase and is a precursor for synthesis of GSH, (Arakawa & Ito, 2007) thus providing enhanced defense against toxin-induced oxidative insult (Abu El-Saad & Elgerbed, 2010). DMSA also has an important role in decreasing the oxidative stress, either by removing the toxic metal from the target organ and/or by directly scavenging ROS via its sulfhydryl groups (Abu El-Saad & Elgerbed, 2010).
α1-AGP is a marker for acute phase proteins. It is formed in liver and is affected by inflammation and certain diseases (Colombo et al., 2006) . It has been found that some medications and natural products mediate their action by α1-AGP during hepatic toxicity and inflammation in some tissues (Anderson et al., 1999) . Our findings confirmed that both LA and HgCl 2 increased α1-AGP expression and both NAC and DMSA normalized and control the degree of inflammation. In parallel, α2-MG is upregulated after chronic LA and HgCl 2 intoxication and is downregulated by NAC and DMSA. The increase in α2-MG is a counteract mechanism to reduce plasmin synthesis occurred after hepatic intoxication and to facilitate the growth factors transportation that help in hepatocyte renewal that strengthened by antioxidants and chelating agents (Ekor et al., 2010; Arakawa & Ito, 2007; Lyoumi et al., 1998) .
Oxidative stress induced alteration in cytokines expression and consequently promotes Th cell dysregulation, and alters the accessibility of Th1 and Th2 cytokines (Hsiao et al; Srosiri et al., 2010) . Intoxication by lead and mercury stirred up localized immune responses in liver and excretory organ, signifying gentle inflammatory changes and leading to increased cytokine expression as confirmed by our findings and others (Zhang et al., 2016; Kim et al., 2003) . Immune perform is taken into account as biological marker to evaluate the effects of contaminants, however only a few studies have ventured to assess the immunotoxic effects of LA and 
Conclusions
Current findings strongly conclude that both NAC and DMSA have protective effect against LA and HgCL 2 induced hepatic and renal toxicity. Both regulate the antioxidants expressions and levels and are immunomodulators to normalize renal and hepatic activity. Moreover, administration of NAC and DMSA was valuable in improving and restoring histological changes of renal and hepatic tissues. NAC and DMSA are beneficial chelating agents against heavy metals toxicity. Both are good to protect humans against metal toxicity.
